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abstract  .-^Fiberglass  plas t ic  c on t a ining  60-6-;  resin  was 

oTft'ained  from  polyester  epoxy  resin -3rlEI>Si4- and  benzoyl  peroxide- 
dimethyl  aniline  -  Co  linoleate  system-iat  normal  temperature  and 
«0 .5  kg/cm2  pressure.  The  material  was' compressed  at  ?  kg/cm2  in  vacuo 
for  24  hr.  The  plastic  obtained  was  hardened  at  2G-2C0C.  Increase 
of  the  hardening  temperature  from  20  to  150C  increased  the  yield  of 
insoluble  11EDSM  from  70  to  95$  and  the  bending  strength  from  i860  to 
2800  kg/cm2  (Fig.  1).  At  150C,  the  strength  of  the  hardened  plastic 
was  highest  when  hardened  for  12  hr.  Polymerization  of^HrSfJSM  v/itn 
isopropylbenzene  hydroperoxide-Co  linoleate  or  benzoyl  peroxide-dimethyl 
aniline  systems  gave  fiberglass  plastics  with  inferior  physical 
properties .  cr^The  properties  of  VP-lKhO  plastic,  affected  by  the  time 
and  temperatures,  of  aging  are  tabulated.  Orig.  art.  has:  6  tables 
and  5  figures.  ' 
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Table  3.  Influence  of  the  duration  of  aging  at  different 
temperatures  on  the  mechanical  properties  of  fiberglass 
plastic  VP-lKhO  hardened  at  normal  temperature  (60-697'  of 
11EDSM) . 

A  =  tensile;  B  =  compression;  C  =  bending;  D  -  shearing; 

F  =  notch  toughness;  F  =  modulus  of  tensile  elasticity; 

G  =  modulus  of  shearing  elasticity;  H  =  Poisson  coefficient. 


FIBER  GLASS  PLASTIC  OBTAINED  PROM  POLYESTER  EPOXY  BINDER 
BY  THE  CONTACT  METHOD  AT  NORMAL  TEMPERATURES 

L.  I.  Kravchenko,  N.  S.  Leznov, 
and  Ya.  D.  Avrasin 

For  the  hardening  of  polyester  maleinate  resins  at  normal 
temperature  as  oxidlzing-reduclng  systems  one  used  peroxide  of 
methyl  ethyl  ketone  -  naphthenate  of  cobalt,  hydro  peroxide  of 
isopropyl  benzene  -  naphthenate  of  cobalt,  peroxide  of  benzoyl  — 
dimethy lanlline  ,  and  others  [1-5]. 

For  the  hardening  of  polyester  acrylate  resins  one  uses  the 
system  of  hydro  peroxide  of  isopropyl  benzene  —  linoleate  of  cobalt 
and  peroxide  of  benzoyl  -  linoleate  of  cobalt  [6]. 

In  the  use  of  these  oxidlzing-reducing  systems  for  hardening  at 
normal  temperature  polyester  acrylate  epoxy  binder  11EDSM  [7]  it 
has  been  established  that  polym  •  atlon  is  extremely  slow.  In  this 
connection  there  were  investiga  sther  oxiaizing-reducing  systems. 

Choice  of  the  Oxidizing-Reducing  System  for  Hardening 

the  Binder  11EDSM 

There  were  tested  the  following  oxidizing-reducing  systems: 
hydro  peroxide  of  isopropyl  benzoyl  -  linoleate  of  cobalt  and  peroxide 
of  benzoyl  -  dimethylanillne .  In  the  case  of  using  the  first  system 
the  binder  ] 1EDSM  is  polymerized  to  the  state  of  gelatini zation  during 
PA  hours;  the  solid  polymer,  however,  is  formed  after  ]5  days. 
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In  the  making  of  glass  plastic  on  the  basis  of  this  binder  with 
the  use  of  the  systems  of  oxidation  peroxide  of  benzoyl  —  dimethyl- 
aniline  on  the  uncovered  surface  of  the  glass  plastic  there  remained 
a  sticky  unpolymerized  layer  of  binder,  which  did  not  disappear 
even  after  heat  treatment  of  the  glass  plastic,  which  is  explained 
by  the  inhibiting  action  of  the  oxygen  of  the  air  (apparently  the 
interaction  of  the  oxygen  with  the  free  radicals  formed  in  the 
system  [ 8] ) . 

Taking  into  account  that  dimethylaniline  in  its  optimal  content 
together  with  peroxide  of  benzoyl  speeds  up  the  reaction  of  hardening 
of  the  epoxy  resin  and  polyester  acrylate,  and  also  the  fact  that 
linoleate  of  cobalt  together  with  peroxide  of  benzoyl  facilitates 
the  formation  of  films  hardenable  at  normal  temperature  on  the  basis 
of  polyester  acrylates  without  surface  tack  [9]  we  in  the  further 
work  tested  a  three-component  Initiating  system  of  peroxide  of  benzoyl 
-  dimethylaniline  —  linoleate  of  cobalt. 

In  Table  1  there  is  presented  the  change  in  the  limit  of 
strength  in  static  bending  at  normal  temperature  and  after  aging  at 
200°C  during  200  hours,  as  depends  on  the  type  of  oxydizing-reducing 
systems  used  for  hardening. 

All  the  plates  were  prepared  by  rolling  up  the  impregnated 

layers  of  fiber  glass  filler  with  the  aid  of  a  roller  under  a  oressure 

2 

of  about  0.5  kgf/cm  .  The  thickness  of  the  plate  was  10  mm  and  the 
content  of  the  resin  60-65% • 

From  Table  1  it  is  seen  that  the  system  peroxide  of  benzoyl  — 
dimethylaniline  -  linoleate  of  cobalt  assures  the  best  strength 
properties  of  glass  plastic. 

For  obtaining  fiber  glass  material  of  uniform  structure,  and  also 
explaining  the  inhibiting  action  of  the  oxygen  of  the  air  in  hardening 
material  at  normal  temperature  there  was  used  the  method  of  impregna¬ 
tion  of  the  fiber  glass  filler  under  the  action  of  a  vacuum  and 
pressure  in  a  closed  mold  (Fig.  1). 
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Table  1.  Dependence  of  strength  of  fiber  glass  plastic  on  type  of 
oxidation-reduction  system  used  for  hardening  the  binder  11EDSM  at 
normal  temperature. 


Oxiont  ion-Reduot  ion  System 

Mo  mal 
temperature 

State  of  uncovered 
surface  of  glass 
plastic  after  5  days 

1  Static  tending 
[  strength,  kgf/err. 
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at  20' C‘ 

200°C  after 
200  h  aging 
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24  h 

IS  'iays 

weak  taok 
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flntl  ine  . . 

45  mir.. 

2  h 
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1100-1901." 
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Peroxide  os*  :  enzo.yl  -  dunrthyl- 
i*  inline  -  1  :  no  lent  e  of  cotfilt  .  •  .  . 

60  n  Ln. 

2  h 

tack  absent 

1 

1445 

1070-1855 

800 

7-15—925 

Fig.  1.  Sketch  showing  impreg¬ 
nation  under  the  action  of  a 
vacuum  and  pressure  in  a  closed 
mold. 


The  binder  In  the  vessel  2  under  the  pressure  of  air  compressed 
1  kglVcm'  and  a  vacuum  created  in  the  system  by  the  pump  1  passing 
along,  the  flexible  hose  3  impregnates  the  fiber  glass  filler  which 
Is  in  the  device  between  the  metallic  linings  5  and  the  frame  6 
and  passes  into  the  receiver  7. 

After  the  impregnation  of  the  filler  during  the  course  of  *15  to 
60  minutes  the  pack  was  separated  from  the  pump  and  the  vessel  with 
the  binder  with  the  aid  of  two  valves  and  the  apparatus  was  left 
under  the  press  for  2h  hours. 

: - 1? - 

The  tests  were  continued  for  15  hours  counting  from  the 
moment  of  preparing  the  plates. 
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By  this  method  there  were  obtained  Tiber  glass  plastics  with  a 
base  of  binder  11EDSM  at  normal  temperature  and  the  use  of  differen 
oxidation-reduction  systems  (Table  2). 


Table  ?.  Strength  of  fiber  glass  plastic  hardened  at  normal 
temperature  as  depends  on  the  type  of  oxidation-reduction 
system  (Impregnation  under  vacuum  and  pressure  in  a  closed 
mold)  . 
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A  comparison  of  Table  1  and  2  shows  that  with  the  use  of 
impregnation  under  a  vacuum  and  pressure  in  a  closed  mold: 

1)  a  of  the  tested  fiber  glass  plastics  Is  higher  than  the  o. 

i  *  J 

of  material  obtained  by  the  usual  method  of  snoring  on  the  binder; 

2)  the  time  of  the  hardening  of  the  fiber  gins::  p  insties  i.s 
shortened ; 

3)  there  is  eliminated  inhibiting  action  of  the  oxygen  of  the 
air  leading  to  the  formation  of  persistent  stickiness  on  the  expose- 
surfaces  of  the  glass  plastic. 

Consequently,  in  the  formation  of  the  closed  mold  one  can  use 
the  oxidation-reduction  system  peroxide  of  benzoyl  —  di methyl  anil 3 n 
which  assures  the  greatest  strength  of  the  fiber  glass  plastic  both 
at  20° C  and  at  200° C  after  aging  at  this  temperature  for  200  hours 
also  substantially  improve  the  conditions  of  the  work. 
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.Influent:*:  of  Heat,  Treatment  on  the  Strength  Properties 

of  Fiber  Glass  Plastic 

Fiber  glass  plastic  was  obtained  by  the  described  method  of 

9 

citact  mo 'Id  inr  with  the  starter  peroxide  of  benzoyl  and  the 
accelerator  dime thy  1 ani line  and  linoleate  of  cobalt.  The  content 
of  resin  in  the  glass  plastic  amounted  to  60% . 

r  i r.nrovi ng  the  heat  resistance  and  strength  of  the  material 
■!•!  a  I  *:*.-•• !  aft  or  hardening  at  room  temperature  it  was  supplement arily 
at  od  at.  ti  fferent  temperatures  up  to  200° C . 

iti  Fig.  2  there  is  shown  the  Influence  of  the  temperature  1  n 
heating  !.,v:  fiber1  glass  plastic  on  the  yield  of  Insoluble  po±*mer 
and  t.h"  si. at.  Ic  bending  strength.  For  determining  this  there  were 
'«•••  .-pec  i  mens  of  the  size  5b  *  15  *  2.5  mm,  which  a  .'me  what  improved 
i:  Hut  value  for  the  static  bending  strength  as  compared  with 

t i  index  of  the  standard  specimens  of  the  dimensions  10  *  15  y  120  mm. 

Fig.  ?.  Influence  of  the 
temperature  of  the  heat 
treatment  of  the  fiber  glass 
plastic  obtained  from  the 
binder  11EDSM  on  the  yield 
of  insoluble  polymer  (1) 
and  the  static  bending 
strength  (21  (heat  treat¬ 
ment  for  12  hours,  thick¬ 
ness  of  specimens  2.5  mm. 

From  Fig.  2  It  follows  that  the  yield  of  Insoluble  polymer  of 
Mg'  binder  1  IKD.0M  with  the  rise  in  the  temperature  from  20  to  150°0 
increases  from  70  to  95%  and  correspondingly  increases  from  1 P50 

l.o  2Mcf)  kgf/cm‘  . 

on  i, lie  basis  of  the  data  from  Fig.  2  as  the  optimal  there  was 
selected  the  temperature  of  150°C  for  the  heat  treatment. 

11.  has  been  established  that  with  the  increase  in  the  time  of  the 
lent.  *  roatrient  the  yield  of  insoluble  polymer  and  the  sba*'e  bonding 
r  l  •  i  ;  i  o'  tii"  mater  5  a  i  .improve  (Fig.  5). 
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Fig.  3-  Influence  of  duration  cf 
heat  treatment  at  150° C  of  the 
fiber  glass  plastic  obtained 
from  the  binder  IIMDSM  on  the 
yield  of  insoluble  polymer  (1) 
and  the  static  bending  strength 
(2). 


The  influence  of  the  duration  of  the  heating  at  150°C  on 
of  the  fiber  glass  plastic  of  "cold"  hardening  (thickness  of  the 
specimen  10  mm,  content  of  resin  6l%)  is  shown  below: 


Duration  of 
heat  treat¬ 
ment  ,  hrs  . 


6 

12 

24 


Static  bending 
strength,  kgf/cm2 


1453 

1075- 1620 
1673 

1210—1780 

1780 

1510 — 1913 
1*25 

1315-2315 

1880 _ 

1400-2380 


As  is  seen,  heat  treatment  during  12  hours  is  inexpedient  s  1  nr<* 
from  this  the  yield  of  the  polymer  and  the  technological  tern  is 
considerably  drawn  out  with  an  insigni f leant  ns rense  in  the  str-nsf 

We  tested  the  heat  stability  as  to  the  loss  of  weight  oft t-v 
heating  at  100,  150,  and  200°C  up  to  200  hours  (Figs,  'la  and  'lb) 
and  also  the  change  under  these  circumstances  in  the  static  handler 
strength  (Fig.  5)- 

From  Figs.  4a  and  4b  it  follows  that  the  amount  of  volatile 
substances  given  off  at  150°C  during  200  hours  amounts  altogether 
to  3- 2/S,  and  at  200°C  during  the  same  time  to  3.85J. 
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Fig.  4.  Influence  of  temper¬ 
ature  and  duration  of  heat 
treatment  on  the  loss  in  we ight 
in  the  fiber  glass  plastic 
obtained  from  the  binder  11 
EDSM.  Time  of  heat  treatment: 
a  —  from  1  to  10  hours;  b  — 
from  25  to  200  hours. 


Fig.  5.  Influence  of 
duration  of  heat  treatment 
on  the  static  bending 
strength  oi  of  the  fiber 

glass  plastic  of  cold 
hardening  when  heat  at  150°C 
(1)  and  200° C  (2). 


From  Fig.  5  It  foJiows  that  a.  both  at  normal  temperature  and 
at  1  r>n  and  2oo°C  increases  considerably  during  the  first  50  hours 
<>l’  aging,  which  is  explained  by  the  completion  of  the  polymerisation 

of  the  hinder  in  the  g  Lass  plastic.  However,  .with  subsequent  aging 

\ 

up  t.o  20o  hours  there  is  not  noted  any  lowering  of  the  strength  of 
the  material.  From  what  has  been  explained  it  follows  that  fiber 
glass  plastic  obtained  from  the  binder  11ED2F  of  "cold"  hardening 
is  heat  resistant  and  after  heating  at  150°C  during  12  hours  and 
can  work  for  a  long  time  up  to  200°C. 
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Basic  Physico-Mechanical  and  Dielectrlcal  Properties 
of  Fiber  Glass  Plastic 

In  Table  3  there  are  to  be  found  the  basic  mechanical  propertie 
of  fiber  glass  plastic  of  the  brand  VP-lKhO,  hardened  at  normal 
temperature,  when  it  is  at  the  temperatures  of  100,  150,  and  200° C, 
after  aging  at  these  temperatures  for  200  hours. 

From  Table  3  it  is  seen  that: 

1.  After  heating  at  150°C  during  the  selected  optimal  time, 

12  hours,  one  notices  an  improvement  in  the  strength  of  the  materia: 
as  a  result  of  the  supplementary  polymerization  of  the  binder.  Wit..-, 
the  continuation  of  the  heat  treatment  at  the  indicated  temperature 
up  to  200  hours  the  strength  characteristics  (E,  o^,  Tsl<*)  are  lower 
An  exception  is  constituted  by  the  static  bending  strength  (c  ), 

o 

which  in  the  case  of  tests  at  normal  temperature  during  12  hours 
Increases  almost  to  the  double  and  does  not  change  after  200  hours 
of  aging.  -This,  apparently,  is  explained  by  the  formation  of  a 
sufficiently  stable  and  heat-resistant  polymer. 

2.  With  the  increase  In  the  temperature  of  the  heating  up  to 
200°C  with  the  same  time  of  aging  of  200  hours,  o„,  E,  a,,  ,  xt  shov. 
a  tendency  to  become  lower,  apparently,  because  of  the  partial 
destruction  of  the  polymer,  its  contraction,  and  the  development  of 
Inner  stresses . 

The  basic  thermo  physical  properties  of  fiber  glass  plastic 
VP-lKhO  before  and  after  the  heat  treatment  at  150°C  Tor  12  hours 
are  shown  in  Table  ,  and  the  data  about  the  action  on  it  of  water, 
fuels,  and  oils  in  Table  5. 

In  Table  6  there  are  presented  the  dielectric  properties  at  the 
frequencies  of  50  and  10^  Hz  of  fiber  glass  material,  hardened  at 
room  temperature  without  heat  treatment  and  heated  for  12  hours  at 
150° C. 

- * - 

t  ,  is  the  shear  strength, 
sk 
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able  2.  Mechanical  properties 

4-  ^  ^  1  f  nr*,P  d  CZ  r*  Y'  C*  f  H 


Table  Jl .  Basic  thermo  physical  properties  of 
glass  plastic  VP-lKhO. 


tnd  ices  * 

1 

before  heat 
treatment 

after  heat 
treatment 

Dans  ity,  g/om3 . 

Ml 

1.4 

Heat  resistance  per 

1,31— 1, <7 

1,3—1,48 

Martens  seal*,,  °C . 

65 

240 

Heat  conductivity  factor 

A  In  interval  20-2 00°C, 

59-71 

238-240 

kcal/m.h.°C  . 

0,27—0.38 

0,36-0,43 

Linear  extension  factor 

O  at  20-200°C,  1/°C  .  .  . 

■  Temperature  conductiv¬ 
ity  factor  a  at  20-200°C, 

32.0-12.0- 10-* 
(in  interval; 

20-150'C) 

25.0- I0-* 

m2/h . . 

7,1 — 6.4-I0*4 

a. t — 6,i - io-* 

Heat  captu:  tty  c  at 

20-2 00° C  kcalAg,0C  .  .  -  . 

|  0,26-0,41 

0,30-0.48 

Table  5-  Action  of  water,  fuels,  and 
oils  in  fiber  glass  plastic  VP-lKhO 
produced  by  cold  hardening. 


Medium 

norease  in 

before  heat 

treatment 

after  heat 

treatment 

24  hrs . 

?0  days 

24  hrs. 

30  days 

Water 

0,90 

3,2 

0,50 

1.35 

0,83—0,97 

3, 0-3, 5 

0.25-0,40  i 

1.3—1,45 

Gasol ine 

0.1 

— 

0.01  1 

0.2 

0.02—0,1 

0,002—0,02. 

0.12-0.25 

Keruaine 

0.17 

0.2 

0.1  i 

0.2 

0,15—0,19 

0, 17-0.21 

0.07—0,  It  , 

0.12—0.28 

Oil  Ms 

0.65 

0.70 

0.73  1 

0.97 

0,54—0,87 

0.55—0,90 

*'  0.3— 1.0 

0.85—1.1 
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The  data  of  Table  6  reveal  the  improvement  in  the  dielectric 
properties  of  the  material,  which  is  explained  by  the  increase  in 
the  degree  of  hardening  of  the  binder  and  rise  in  the  water  resistance 
of  the  material  (Tables  5  and  6). 

The  data  presented  on  the  physico-mechanical  and  dielectric 
properties  of  the  fiber  glass  plastic  VP-lKhO  show  that  this  material 
having  been  hardened  at  normal  temperature  (without  heat  treatment) 
can  be  used  for  light-load-bearing  articles  which  perform  functions 
at  normal  temperature  and  under  normal  moisture  and  after  supply- 
mentary  heat  treatment  (for  12  hours  at  150°C)  is  suitable  for 
articles  bearing  greater  loads  used  for  general  and  electro  technical 
purposes,  which  function  up  to  200  hours  at  temperatures  going  as 
high  as  200° C.  The  use  of  the  material  during  a  longer  time, 
apparently,  is  quite  possible,  but  requires  further  experimental 
checking. 
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